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(57) Abstract: The invention relates 
to an electrostatic microswitch which 
is intended to connect electrically two 
strip conductors which are disposed on 
an insulating support (21). According to 
the invention, the two strip conductors 
are connected electrically by conducting 
means (38) which are provided in the 
central part of deformable means (28) 
which can be deformed in relation 
to the support under the effect of an 
electrostatic force generated by control 
electrodes (25, 48; 26, 58). The control 
electrodes are distributed facing one 
another on the deformable means and 
_ _ , the support, such as to form capacitive 

means around the aforementioned conducting means. Moreover, the control electrodes are associated with insulating stop elements 
(35, 36) which are provided in order to prevent a short circuit between electrodes of the capacitive means during the deformation of 
the deformable means. The distance between the deformable means and the ends of the strip conductors is less than or equal to the 
distance between the insulating stop elements associated with the control electrodes and the control electrodes located opposite. 

(57) Abrege : L'invention concerne un micro-commutateur &ectrostatique destine" a raccorder 61ectriquement deux pistes conduc- 
trices disposers sur un support isolant (21), le raccord electrique entre les deux pistes conductrices se faisant par des moyens conduc- 
teurs (38) pnSvus en partie centrale de moyens deTormables (28) aptes a se deformer par rapport au support, sous Paction d'une 
force electrostatique genSree par des Electrodes de commande (25, 48 ; 26, 58) reparties en vis-a-vis sur les moyens deTormables 
et le support pour former des moyens capacitifs autour des moyens conducteurs. Les electrodes de commande sont associ^es a des 
butees desolation (35, 36) prevues pour eviter tout court-circuit entre Electrodes des moyens capacitifs au cours de la deformation 
des moyens deTormables. La distance separant les moyens deTormables des extremitEs des pistes conductrices est inferieure ou Egale 
a la distance separant les butees d' isolation assoctees aux Electrodes de commande des Electrodes de commande situEes en vis-a-vis. 
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MICRO-COMMUTATEUR ELECTROS TATIQUE POUR COMPOSANTS A 
FAIBLE TENSION D 1 ACTIONNEMENT 

DESCRIPTION 

5 DOMAINE TECHNIQUE 

L f invention concerne un micro-commutateur 
61ectrostatique ci grande fiabilit£ de fonctionnement et 
adapts aux composants a faible tension d* actionnement . 
Sous le terme de micro-commutateur, on inclut les 
10 micro-relais, les actionneurs de type MEMS (pour 
"Micro-Electro-Mechanical-System) et les actionneurs 
haute frequence. 



ETAT DE LA TECHNIQUE ANTERIEURE 

15 L f article "RF MEMS from a device 

perspective" de J. Jason Yao, paru dans J. Micromech. 
Microeng. 10(2000), pages R9 k R38 r rScapitule les 
progrds rdcents accomplis dans le domaine des MEMS pour 
des applications hautes frequence. 

20 Les composants haute frequence ou RF pour 

la t£16phonie mobile se voient imposer le cahier des 
charges suivants : 

- tension d' alimentation inf6rieure £ 5 V, 

- isolation sup6rieure a 30 dB, 

25 - perte d' insertion inf6rieure ^ 0,3 dB, 

fiabilite pour un nombre de cycles 
sup6rieur a 10 9 , 

- dimensions inf£rieures 4 0,05 mm 2 • 

Les micro-commutateurs sont trds largement 
30 utilises dans le domaine des communications : dans le 
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routage des signaux, les reseaux d f accord d' imdepances, 
l'ajustage de gain d' amplif icateurs, etc... En ce qui 
concerne les bandes de frequences des signaux & 
commuter, ces frequences sont comprises entre quelques 
MHz et plusieurs dizaines de GHz. 

Classiquement, pour ces circuits RF, on 
utilise des conunutateurs issus de la micro- 
eiectronique, qui permettent une integration avec 
I'electronique des circuits et qui ont un faible cout 
de fabrication. En termes de performances, ces 
composants sont par contre assez limit6s. Ainsi f des 
conunutateurs de type FET en silicium peuvent commuter 
des signaux de forte puissance & basse frequence mais 
pas £ haute frequence. Les conunutateurs de type MESFET 
en GaAs ou les diodes PIN fonctionnent bien £ haute 
frequence mais uniquement pour des signaux de faibles 
niveaux. Enfin, d'une manidre generale, au-delA de 1 
GHz, tous ces commutateurs micro -elect roniques 
presentent une perte d' insertion importante 
(classiquement autour de 1 k 2 dB) k l'etat passant et 
une isolation assez faible £ l f 6tat ouvert (-20 k 
-25 dB) . Le remplacement de composants conventionnels 
par des micro-commutateurs MEMS est par consequent 
prometteur pour ce type d' application. 

De par leur conception et leur principe de 
fonctionnement, les commutateurs MEMS presentent les 
caracteristiques suivantes : 

- faibles pertes d' insertion (typiquement 
inferieures a 0, 3 dB) , 

- isolation importante du MHz au 
millimetrique (typiquement superieure a -30 dB) , 
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- faible consommation, 

- pas de non-lin^arite de reponse. 

On distingue deux types de contact pour ces 
micro-commutateurs MEMS* 

L f un de ces types de contact est le 
commutateur a contact ohmique d£crit dans 1' article "RF 
MEMS from a device perpective" de J. Jason Yao cit6 ci- 
dessus et dans !• article "A Surface Micromachined 
Miniature Switch For Telecommunications Applications 
with Signal Frequencies From DC up to 4 GHz" de J. 
Jason Yao et M. Franck Chang f paru dans la revue 
Transducers 1 95, Eurosensors IX, pages 384 & 387. Dans 
ce type de contact, les deux pistes RF sont mises en 
contact par un court -circuit (contact metal -m6tal) . Ce 
type de contact est adapts aussi bien pour les signaux 
continus que pour les signaux haute frequence 
(sup^rieure k 10 GHz) . 

L' autre type de contact est le commutateur 
capacitif d6crit dans l f article "RF MEMS From a device 
perspective" de J. Jason Yao cit6 ci-dessus et dans 
1* article "Finite Ground Coplanar Waveguide Shunt MEMS 
Switches for Switched Line Phase Shifters" de George E. 
Ponchak et al., paru dans 30th European Microwave 
Conference, Paris 2000, pages 252 £ 254. Dans ce type 
de contact , une couche d'air est ajust£e de manidre 
61ectrom6canique pour obtenir une variation de capacity 
entre l'£tat ferm6 et l f £tat ouvert. Ce type de contact 
est particulidrement bien adapts aux hautes frequences 
(sup6rieures £ 10 GHz) mais inad6quat aux basses 
frequences. 
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Dans l'etat de l f art, on distingue deux 
grands principes d' actionnement pour les commutateurs 
MEMS : les commutateurs a actionnement thermique et les 
commutateurs a actionnement Electros tatique. 

Les commutateurs a actionnement thermique 
presentent l f avantage d'une faible tension 
d f actionnement. Par contre, ils presentent les 
inconv^nients suivants : consommation excessive 
(surtout dans le cas d' applications en teiephonie 
mobile) , vitesse de commutation faible cause de 

l'inertie thermique) et technologie souvent lourde. 

Les commutateurs a actionnement 

electrostatique presentent les avantages d'une vitesse 
de commutation rapide et d'une technologie g6n£ralement 
simple. Par contre, ils presentent 1 ■ inconvenient du k 
des probiemes de fiabilite. Ce point est 
particuli^rement sensible dans le cas de micro- 
commutateurs eiectrostatiques h faible tension 
d' actionnement (possibility d'un collage des 
structures) • 

Le probieme du collage des commutateurs a 
actionnement Electrostatique est crucial. Ce probieme 
est signaie notamment dans 1' article de George E. 
Ponchak et al. cite ci-dessus et dans 1' article 
"Communications Applications of Microelectromechanical 
Systems" de Clark T.-C. Nguyen, paru dans Proceedings, 
1998 Sensors Expo, San Jose, CA, 19 au 21 mai 1998, 
pages 447 h 455. 

Les micro -commutateurs eiectrostatiques de 
l'dtat de 1'art presentent une electrode mobile 
d' actionnement isoiee de 1* electrode fixe par une 
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couche di^lectrique qui permet d f 6viter tout court- 
circuit lors du basculement du micro-commutateur . Cette 
couche di61ectrique, enserr^e dans la capacity mobile 
d f actionnement n'est jamais parfaite, Elle comporte des 
d^fauts qui sont k l'origine d'un pi^geage de charges 
dans la couche, Ces charges qui s'accumulent dans le 
di£lectrique peuvent a terme engendrer une d£faillance 
du composant (collage de la poutre ou necessity d'une 
tension d f actionnement de plus en plus importante au 
cours des cycles de commutations) . 

Ce ph£nom£ne est accentu6 dans le cas des 
micro-commutateurs k faible tension d' actionnement ou, 
pour atteindre les tensions de commutation g£n6ralement 
requises (classiquement sup6rieures ou 6gales k 
5 volts) , les concepteurs utilisent des structures 
mobiles presentant une raideur m6canique faible, c'est- 
a-dire une force de rappel £lastique qui s'avere 
insuffisante au regard des forces 61ectrostatiques 
parasites amends par ce pi^geage de charges, et qui 
conduit bien souvent au collage des micro-commutateurs 
au bout de 10 4 k 10 5 cycles, soit bien en dessous des 
specifications g6n6ralement requises (sup^rieures k 10 9 
cycles) . 

Une mani£re simple d^viter le pi6geage de 
charges serait d'utiliser une poutre m^tallique. II 
apparait alors un risque important de court-circuit de 
cette poutre sur l'61ectrode d 'actionnement, notamment 
dans le cas de micro-commutateurs a faible tension de 
commutation qui pr6sentent une faible raideur 
m^canique. Pour rem^dier k ce probl£me de court- 
circuit, on peut envisager de placer des but£es 
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dielectriques de faibles dimensions sur les Electrodes 
d'actionnement, le piEgeage de charges localise aux 
seules butEes ne devant pas perturber le f onctionnement 
du raicro-coramutateur. Le problEme reside cette fois 
5 dans le risque important d'une mise en butee de la 
poutre sans contact au niveau des pistes conductrices k 
connecter. 

EXPOSES DE L' INVENTION 

10 La prEsente invention a EtE congue pour 

remEdier aux inconvEnients prEsentEs par les 
dispositifs de l'art antErieur. 

Elle a pour objet un micro-comrautateur 
Electrostatique destine £ raccorder Electriquement au 

15 moins deux pistes Electriquement conductrices disposes 
sur un support isolant, le raccord Electrique entre les 
deux pistes conductrices se faisant par des moyens 
conducteurs prevus en partie centrale de moyens 
d6formables aptes a se dEformer par rapport au support, 

20 sous 1" action d'une force Electrostatique gEnErEe par 
des Electrodes de commande rEparties en vis-A-vis sur 
les moyens dEformables et le support pour former des 
moyens capacitifs autour desdits moyens conducteurs, 
lesdits moyens conducteurs rEalisant le raccord 

25 Electrique entre les deux pistes conductrices lorsque 
les moyens dEformables sont dEformEs jusqu'^ venir en 
contact avec les extrEmitEs des pistes conductrices, 
caractErisE en ce que : 

- 1' Electrode ou les Electrodes de commande 

30 sur le 'support ou l 1 Electrode ou les Electrodes de 
commande sur les moyens dEformables est (sont) 
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associee(s) a des butEes d' isolation prEvues pour 
Eviter tout court-circuit entre Electrodes desdits 
moyens capacitifs au cours de la deformation des mo yens 
dEformables, 

- la distance sEparant les moyens 
dEformables des extrEmitEs des pistes conductrices est 
infErieure ou Egale k la distance sEparant les butees 
d' isolation associEes k une Electrode ou aux Electrodes 
de commande de 1* Electrode ou des Electrodes de 
commande situee(s) en vis-&-vis. 

Les moyens dEformables peuvent Etre choisis 
parmi une membrane et une poutre. 

Selon une premiEre variante de rEalisation, 
les moyens dEformables sont en matEriau conducteur et 
constituent une Electrode de commande et les moyens 
conducteurs. 

Selon une deuxieme variante de rEalisation, 
les moyens dEformables sont en matEriau isolant et 
supportent des parties conductrices pour constituer une 
Electrode ou des Electrodes de commande et un plot 
conducteur pour constituer lesdits moyens conducteurs. 

Chaque extrEmitE de piste conductrice peut 
Etre formEe sur un bossage du support. 

Les moyens conducteurs peuvent Etre en 
dEpassement par rapport aux moyens dEformables. 

Les butEes d* isolation peuvent Etre des 
plots en matEriau isolant supportEs par une ou des 
Electrodes de commande. 

Les butEes d' isolation peuvent etre des 
parties proEminentes d'une Electrode ou d* Electrodes de 
commande situEe(s) en regard de parties isolantes 
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situees au sein ou pres d'une Electrode ou d' Electrodes 
de conunande en vis-a-vis. 

Si le micro-commutateur est du type a 
contact ohmique, les moyens conducteurs sont aptes & 
§tre mis directement en contact electrique avec les 
extrEmites des pistes conductrices . 

Si le micro-commutateur est du type 
capacitif, une couche de materiau isolant est 
interposEe entre les moyens conducteurs et les 
extr6mit6s des pistes conductrices. 



BR&VE DESCRIPTION DES DESSINS 

L' invention sera mieux comprise et d'autres 
avantages et particularity apparaitront a la lecture 
de la description qui va suivre, donnEe a titre 
d'exemple non limitatif, accompagnEe des dessins 
annexes parmi lesquels : 

- les figures 1 et 2 sont des vues en 
coupe, respectivement longitudinale et de dessus, d'une 
premiere variante de micro-commutateur selon 
!• invention, 

- la figure 3 est une vue en coupe 
longitudinale d'une deuxi^me variante de micro- 
commutateur selon 1' invention, 

- la figure 4 est une vue en coupe 
longitudinale d'une troisidme variante de micro- 
commutateur selon 1' invention, 

- la figure 5 est une vue en coupe 
longitudinale d'une quatrieme variante de micro- 
commutateur selon 1' invention, 
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- la figure 6 est une vue en coupe 
longitudinale d'une cinquiEme variante de micro- 
commutateur selon 1* invention, 

- les figures 7A £ 7H sont des vues en 
coupe longitudinale d f un procede de realisation du 
raicro-commutateur selon la cinquiEme variante de 
1 1 invention. 

DESCRIPTION DETAIIiLEE DE MODES DE REALISATION DE 
L 1 INVENTION 

Les figures 1 et 2 sont des vues en coupe, 
respectivement longitudinale et de dessus, d'une 
premiere variante de micro -commutateur selon 
1" invention. La figure 1 est une vue selon la coupe I -I 
de la figure 2 et la figure 2 est une vue selon la 
coupe II-II de la figure 1. 

Le micro-commutateur est r£alis6 dans une 
partie isolante d'un substrat 1. Un evidement 2 a £te 
realise £ partir d'une face du substrat 1. La partie 
centrale du fond de 1' evidement supporte deux pistes 
conductrices 3 et 4 k raccorder 61ectriquement . Le fond 
de 1' evidement supporte egalement des Electrodes de 
commande infer ieures 5 et 6 situEes de part et d' autre 
des pistes conductrices 3 et 4 et dont les connexions 
61ectriques n'ont pas et6 representees. 

Les extr6mit6s 13 et 14 des pistes 
conductrices 3 et 4 sont situ6es en regard l'une de 
l 1 autre. Elles sont form£es sur un bossage present sur 
le fond de I 1 Evidement. Seul le bossage 7 est visible 
sur la figure 1 . 
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Les Electrodes de commande infErieures 5 et 
6 supportent des plots en matEriau isolant, 
respectivement 15 et 16. Ces plots isolants sont de 
faibles dimensions par rapport aux dimensions des 
Electrodes. 

Une poutre mEtallique 8, encastrEe a ses 
deux extremites, est suspendue au-dessus de l'Evidement 
2. Elle est situEe en regard des electrodes de commande 
infErieures 5 et 6 et des extrEmitEs 13 et 14 des 
pistes conductrices 3 et 4. La poutre conductrice 8 
constitue & la fois des electrodes de commande 
superieures et un plot de contact ohmique pour les 
extrEmitEs 13 et 14 des pistes conductrices. 

Les plots isolants 15 ou 16 d'une mime 
Electrode de commande infErieure 5 ou 6 sont EcartEs 
entre eux d'une distance suffisamment faible pour 
Eviter tout risque de dEformation de la poutre 8 
pouvant crEer un court -circuit au niveau des Electrodes 
de commande, c'est-£-dire entre la poutre conductrice 8 
et 1' Electrode 5 d'une part et entre la poutre 
conductrice 8 et 1' Electrode 6 d' autre part. L'Ecart 
maximal entre deux plots isolants d'une meme Electrode 
de commande infErieure est Etabli en fonction de la 
hauteur des plots isolants, de la rigiditE de la poutre 
et la tension Electrique de commande. 

La distance sEparant la poutre conductrice 
8 des extrEmitEs 13 et 14 des pistes conductrices 3 et 
4 est infErieure ou Egale a la distance sEparant les 
plots isolants 15 et 16 de la poutre conductrice 8. 

Sous l'effet d'une tension de commande 
appropriEe appliquEe entre la poutre conductrice 8 et 



WO 2004/051687 



PCT/FR2003/050137 



11 

les electrodes 5 et 6, la poutre 8 flEchit jusqu'a 
venir en contact avec les extrEmitEs des pistes 
conductrices. 

La figure 3 est une vue en coupe 
longitudinale d'une deuxiEme variante de micro- 
commutateur selon 1' invention* 

On reconnait sur cette figure la partie 
isolante d'un substrat 21 , un Evidement 22, des 
Electrodes de commande inferieures 25 et 26 pourvues de 
plots isolants respectivement 35 et 36, I'un des 
bossages 27 et l'une des extrEmitEs 33 de pistes 
conductrices, Ces Elements sont similaires aux mEmes 
Elements de la premiere variante de micro-commutateur 
selon 1 ■ invent ion . 

La deuxiEme variante de micro-commutateur 
selon 1' invention se distingue de la premiEre variante 
par la nature de la poutre 28 qui est en matEriau 
isolant. La face de la poutre 28 tournEe vers 
1' Evidement 22 supporte un plot conducteur 38 situE en 
regard des extrEmitEs des pistes conductrices et des 
Electrodes de commande supErieures 48 et 58 associEes 
respectivement aux Electrodes de commande infErieures 
25 et 26. 

Sous l'effet d'une tension de commande 
appropriEe appliquEe entre les Electrodes de commande 
supErieures 48 et 58 et les Electrodes de commande 
infErieures 25 et 26, la poutre 28 flEchit jusqu'a ce 
que le plot conducteur 38 vienne en contact avec les 
extrEmitEs des pistes conductrices. 

La distance sEparant le plot conducteur 38 
des extrEmitEs des pistes conductrices est infErieure 
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ou Egale a la distance sEparant les plots isolants 35 
et 36 des Electrodes respectives 48 et 58. 

La figure 4 est une vue en coupe 
longitudinale d'une troisiEme variante de micro- 
commutateur selon 1' invention. 

On reconnait sur cette figure, par rapport 
£ la figure 3, la partie isolante d'un substrat 41, un 
Evidement 42 et des electrodes de commande infErieures 
45 et 46 pourvues de plots isolants respectivement 55 
et 56. On reconnait Egalement une poutre 68 en matEriau 
isolant dont la face tournEe vers l'Evidement supporte 
un plot conducteur 78 situE en regard des extrEmitEs 
des pistes conductrices et des Electrodes de commande 
supErieures 88 et 98 associEes respectivement aux 
Electrodes de commande infErieures 45 et 46. 

La troisiEme variante de micro-commutateur 
selon l f invention se distingue de la deuxiEme variante 
en ce que les extrEmitEs des pistes conductrices (seule 
1'extrEmitE 43 est montrEe) ne sont pas formEes sur des 
bossages mais sur le fond de l'Evidement. Par contre, 
le plot conducteur 78 est en dEpassement par rapport a 
la face de la poutre tournEe vers l'Evidement de sorte 
que la distance sEparant le plot conducteur 78 des 
extrEmitEs des pistes conductrices est infErieure ou 
Egale £ la distance sEparant les plots isolants 55 ou 
56 de 1 'Electrode de commande supErieure 88 ou 98. 

Sous l'effet d'une tension de commande 
appropriEe appliquEe entre les Electrodes de commande 
supErieures 88 et 98 et les Electrodes de commande 
infErieures 45 et 46, la poutre 68 flEchit jusqu'& ce 
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que le plot conducteur 78 vienne en contact avec les 
extrEmitEs des pistes conductrices . 

La figure 5 est une vue en coupe 
longitudinale d'une quatriEme variante de micro- 
commutateur selon l f invention. 

On reconnait sur cette figure, par rapport 
k la figure 3, la partie isolante d'un substrat 101, un 
Evidement 102, des Electrodes de commande infErieures 
105 et 106 pourvues de plots isolants respectivement 
115 et 116, l f un des bossages 107 et l'une des 
extrEmitEs 103 de pistes conductrices. On reconnait 
Egalement une poutre 108 en matEriau isolant dont la 
face tournEe vers l f evidement supporte des Electrodes 
de commande superieures 118 et 128 associees 
respectivement aux Electrodes de commande infErieures 
105 et 106. 

La quatriEme variante de micro-commutateur 
selon 1» invention se distingue de la deuxiEme variante 
en ce que la poutre isolante 108 intEgre le plot 
conducteur 138. De ce fait, une fine couche isolante 
est interposEe entre le plot conducteur 138 et les 
extrEmitEs des pistes conductrices, le micro- 
commutateur Etant du type capacitif . 

Sous l'effet d'une tension de commande 
appropriEe appliquEe entre les electrodes de commande 
supErieures 118 et 128 et les Electrodes de commande 
infErieures 105 et 106, la poutre 108 flEchit jusqu'A 
venir en contact mEcanique avec les extrEmitEs des 
pistes conductrices Etablissant ainsi une liaison de 
type capacitif entre les pistes conductrices. 
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La distance sEparant la poutre 108 des 
extrEmitEs des pistes conductrices est infErieure ou 
Egale a la distance sEparant les plots isolants 115 et 
116 des Electrodes respectives 118 et 128. 
5 La figure 6 est une vue en coupe 

longitudinale d'une cinquieme variante de micro- 
commutateur selon 1' invention. 

On reconnait sur cette figure, par rapport 
k la figure 3, la partie isolante d'un substrat 141, un 
10 Evidement 142, des electrodes de commande infErieures 

145 et 146 et l'une des extrEmitEs 143 de pistes 
conductrices fornixes sur un bossage 147. On reconnait 
Egalement une poutre 148 en matEriau isolant dont la 
face tournEe vers 1* Evidement supporte un plot 

15 conducteur central 178 et des electrodes de commande 
supErieures 158 et 168 associees respectivement aux 
Electrodes 145 et 146. 

La cinquiEme variante de micro-commutateur 
selon 1* invention se distingue de la deuxiEme variante 

20 en ce que les Electrodes de commande infErieures 145 et 

146 sont pourvues de plots respectivement 155 et 156 du 
meme matEriau que celui des Electrodes. Les plots 155 
et 156 sont provoquEs par la prEsence de bossages, 
respectivement 153 et 154, prEvus sur le fond de 

25 1' Evidement. Les plots 155 et 156 sont rEpartis sur les 
Electrodes 145 et 146 selon les memes critEres que les 
plots isolants des variantes prEcEdentes. 

En vis-a-vis des plots 155 et 156, les 
Electrodes de commande supErieures 158 et 168 sont 

30 percEes d'ouvertures comblEes de matEriau diElectrique 
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formant des pastilles isolantes 157 et 167 afin 
d'Eviter un Eventuel court -circuit avec ces Electrodes. 

La distance sEparant le plot conducteur 178 
des extrEmitEs des pistes conductrices est infErieure 
ou egale £ la distance sEparant les plots 155 et 156 
des pastilles isolantes respectives 157 et 167. 

Les figures 7A & 7H sont des vues en coupe 
longitudinale d'un procEdE de realisation du micro- 
commutateur selon la cinquieme variante de realisation. 

La figure 7A montre un substrat de silicium 
100 recouvert d'une couche diElectrique 141 qui a EtE 
formEe sur le substrat 100. La couche 141 peut Etre en 
Si 3 N 4 ou en Si(>2 et avoir une epaisseur de 2,4 pm. 

La couche 141 est micro-usinEe par 
lithogravure pour former £ sa surface un bossage 
central 147 compris entre d'autres bossages 153 et 154 
(voir la figure 7B) . Un seul bossage 153 et un seul 
bossage 154 sont reprEsentEs. La hauteur des bossages 
peut etre de 0,3 pm, ce qui rEduit l f Epaisseur de la 
couche 141 £ 2,1 pm. 

La couche 141 pourvue de ses bossages est 
encore micro-usinEe par lithogravure pour rEaliser un 
Evidement 142 comme le montre la figure 7C. Les 
bossages 147, 153 et 154 sont reportEs au fond de 
1' Evidement 142. La profondeur de 1' Evidement peut Etre 
de 0,5 pm. Cette meme Etape de lithogravure permet de 
rEaliser des logements (non reprEsentEs) destinEs & 
recevoir des connexions Electriques aux futures 
Electrodes de commande infErieures, aux pistes 
conductrices et pour le plan de masse. 
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Les pistes conductrices et les Electrodes 
de commande inferieures sont ensuite rEalisEes par 
dEpot d'une couche mEtallique (par exemple en or, en 
cuivre ou en aluminium) suivi d'une lithogravure . La 
figure 7D montre 1'une des extrEmitEs 143 d'une piste 
conductrice, formEe sur le bossage 147 et les 
Electrodes de commande infErieures 145 et 146. 
L' electrode 145 comprend des plots 155 reproduisant la 
forme des bossages 153. L' Electrode 146 comprend des 
plots 156 reproduisant la forme des bossages 154. 
L'Epaisseur de I'extrEmitE 143 peut etre de 1,2 pm. 
L'Epaisseur des Electrodes de commande inferieures peut 
etre de 0,9 pm. 

Une couche sacrif icielle 150, par exemple 
en polyimide, est ensuite dEposEe dans 1'Evidement 142. 
La couche 150 est planarisEe jusqu'a atteindre la face 
superieure de la couche 141 comme le montre la figure 
7E. 

Une premiEre couche diElectrique 148', par 
exemple en Si 3 N 4 ou en Si02, est ensuite dEposEe sur la 
surface planarisEe de la structure prEcEdente (voir la 
figure 7F) . Cette premiEre couche diElectrique peut 
faire 0,15 \im d'Epaisseur. Cette couche est lithogravEe 
aux endroits prEvus pour 1 'emplacement des Electrodes 
de commande supErieures et du plot conducteur. 

Une couche mEtallique (par exemple en or 
sur une couche d'accrochage en Cr, en cuivre ou en 
aluminium) est ensuite dEposEe sur la premiEre couche 
diElectrique 148'. Par lithogravure de cette couche, ou 
rEalise les Electrodes de commande supErieures 158 et 
168 et le plot conducteur 178. C'est ce que montre la 



WO 2004/051687 



PCT7FR2003/050137 



17 



figure 7G. Les connexions eiectriques avec ces elements 
conducteurs sont realisees lors de la meme operation. 

Une deuxidme couche di61ectrique 14 8" est 
depos^e sur la structure obtenue prec6demment comme le 
montre la figure 7H. Par lithogravure, des ouvertures 
(non representees) sont r£alisees dans I'epaisseur des 
deux couches dieiectriques 148' et 148" pour reveler la 
couche sacrificielle 150 et pour la reprise de contact 
sur les Electrodes. 

La couche sacrificielle est alors eiiminee 
par gravure selective & partir d' ouvertures realisees 
pr6c6demment . On obtient la structure representee a la 
figure 6 ou la partie isolante de la poutre est 
representee sous la reference globale 148. 

L f invention permet de limiter a des zones 
tr£s reduites (les butees d' isolation) le piegeage des 
charges et done l'effet de collage. Elle permet 
d'eviter tout risque de court-circuit entre electrodes 
de coiranande du fait de la presence de ces butees 
d' isolation. Elle assure un bon contact du micro- 
commutateur du fait que la distance separant les moyens 
deformables des extremites des pistes conductrices est 
inferieure ou egale k la distance separant les butees 
d' isolation associees aux electrodes de commande des 
electrodes de commande situees en vis-&-vis. 

La vitesse de commutation des micro- 
commutateurs est fonction de 1 ' amortissement visqueux 
de la poutre (ou de la membrane) . Cet amortissement est 
inversement proportionnel a la distance (ou entrefer) 
entre la poutre et les pistes conductrices et 
electrodes de commande inferieures et est aussi 
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inversement proportionnel aux surfaces en regard. 
Ainsi, plus la poutre flechie et se rapproche des 
pistes & commuter, plus l'amortissement augmente et 
tend £ retenir le d6placement. Ce qui se traduit par 
5 une augmentation du temps de commutation. Dans le cas 
de la pr6sente invention, les zones ou 1 » amortissement 
et important (zone d'entrefer faible) se limitent aux 
but^es (sur les Electrodes d'actionnement) et aux 
bossages (au niveau du contact) . Les surfaces en jeu 
10 sont par consequent extremement r£duites par rapport 
aux micro -commutateurs MEMS de l'etat de l'art. Le 
temps de commutation sera par consequent optimise. 
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REVEND I CAT IONS 

1 . Micro-commutateur Electrostatique 
destine a raccorder Electriquement au moins deux pistes 
5 Electriquement conductrices (3, 4) disposees sur un 
support isolant (1, 21, 41, 101, 141), le raccord 
Electrique entre les deux pistes conductrices se 
faisant par des moyens conducteurs (38, 78, 138, 178) 
prevus en partie centrale de moyens dEformables (8, 28, 

10 66, 108, 148) aptes £ se dEformer par rapport au 
support, sous l r action d'une force electrostatique 
gEnErEe par des Electrodes de commande reparties en 
vis-&-vis sur les moyens dEformables et le support pour 
former des moyens capacitifs autour desdits moyens 

15 conducteurs, lesdits moyens conducteurs rEalisant le 
raccord electrique entre les deux pistes conductrices 
lorsque les moyens dEformables sont dEformEs jusqu'& 
venir en contact avec les extrEmitEs (13, 14 ; 33 ; 
43 ; 103 ; 143) des pistes conductrices, caractErisE en 

20 ce que : 

- 1' Electrode ou les Electrodes de commande 
sur le support (5, 6 ; 25, 26 ; 45, 46 ; 105, 106 ; 
145, 146) ou 1* Electrode ou les Electrodes de commande 
sur les moyens dEformables (48, 58 ; 88/ 98 ; 118, 

25 128 ; 158, 168) est (sont) associEe(s) k des butEes 
d' isolation prEvues pour Eviter tout court-circuit 
entre Electrodes desdits moyens capacitifs au cours de 
la dEformation des moyens dEformables, 

- la distance sEparant les moyens 
30 dEformables des extrEmitEs des pistes conductrices est 
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d' isolation associEes a une Electrode ou aux Electrodes 
de commande de 1' electrode ou des Electrodes de 
commande situEe(s) en vis-&-vis, 

- les butEes d' isolation sont des parties 
5 proeminentes (155, 156) d'une Electrode ou d f Electrodes 
de commande (145, 146) situEe(s) en regard de parties 
isolantes (157, 167) situEes au sein ou pres d'une 
Electrode ou d 1 Electrodes de commande (158, 168) en 
vis-^-vis • 

10 

2. Micro-commutateur selon la revendication 
1, caractErisE en ce que les moyens dEformables sont 
choisis parmi une membrane et une poutre (8, 28, 68, 
108, 148) . 

15 

3. Micro-commutateur selon l'une des 
revendications 1 ou 2, caractErisE en ce que les moyens 
dEformables (8) sont en materiau conducteur et 
constituent une Electrode de commande et les moyens 

20 conducteurs . 

4. Micro-commutateur selon I'une des 
revendications 1 ou 2, caractErisE en ce que les moyens 
dEformables (28, 68, 108, 148) sont en matEriau isolant 

25 et supportent des parties conductrices pour constituer 
une Electrode ou des Electrodes de commande (48, 58 ; 
88, 98 ; 118, 128 / 158, 168) et un plot conducteur 
(38, 78, 138, 178) pour constituer lesdits moyens 
conducteurs . 

30 
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5. Micro-commutateur selon l'une des 
revendications 1 ou 2, caracteris6 en ce que chaque 
extr6mit6 de piste conductrice est form^e sur un 
bossage (7, 27, 107, 147) du support. 

5 

6. Micro-commutateur selon l'une des 
revendications 1 ou 2 r caract£ris£ en ce que lesdits 
moyens conducteurs (78) sont en d6passement par rapport 
aux moyens d^formables (68) . 

10 

7. Micro-commutateur selon l'une quelconque 
des revendications 1 k 6, caract6ris6 en ce que, le 
micro-commutateur 6tant du type k contact ohmique, les 
moyens conducteurs (38, 78, 178) sont aptes a etre mis 

15 directement en contact electrique avec les extremit^s 
des pistes conductrices . 

8. Micro-commutateur selon l'une quelconque 
des revendications 1 k 6, caract6ris6 en ce que, le 

20 micro-commutateur 6tant k contact capacitif, une couche 
de mat^riau isolant est interpos^e entre les moyens 
conducteurs (138) et les extr6mit£s des pistes 
conductrices. 
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ELECTROSTATIC MICROSWITCH FOR COMPONENTS WITH LOW 
ACTUATING VOLTAGE 

DESCRIPTION 
TECHNICAL FIELD 

The invention relates to an electrostatic 
microswitch with high operational reliability adapted 
to low actuating voltage components. The term 
microswitch refers to the micro-relays, the MEMS 
(Micro- Electro-Mechanical -System) type actuators and 
the high frequency actuators . 

BACKGROUND OF THE INVENTION 

The article "RF MEMS from a device perspective 1 ' by 
J. Jason Yao, published in J. Micromech. Microeng. 10 
(2000), pages R9 to R38, summarises recent developments 
made in the field of MEMS for high frequency 
applications . 

The following specifications are required of the 
high frequency or RF components for mobile telephony: 

- power supply voltage of less than 5 V, 

- insulation of over 3 0 dB, 

- insertion loss of less than 0.3 dB, 

- reliability for a number of cycles over 10 9 , 

- dimensions of less than 0.05 mm 2 . 

The microswitches are widely used in the field of 
communications: for signal routing, impedance tuning 
networks, amplifier gain adjusting, and so on. With 
regard to the frequency bands of the signals to be 
switched, these frequencies consist of between a few 
MHz and several dozen GHz . 
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Usually, for these RF circuits, micro-electronic 
switches are used, as their production cost is low and 
as they enable integration with the circuit 
5 electronics. In terms of performance, these components 
are, however, relatively limited. Hence, FET-type 
silicon switches can switch high-power signals at low 
frequencies but not at high frequencies. The MESFET- 
type GaAs switches or the PIN diodes operate well at 

10 high frequencies but only for low-level signals. 
Finally, generally speaking, beyond 1 GHz, all of the 
microelectronic switches show a high insertion loss 
(usually around 1 to 2 dB) during the conducting state 
and relatively low insulation during the non-conducting 

15 state (-20 to - 25 dB) . The replacement of conventional 
components with MEMS microswitches is consequently 
promising for this type of application. 

On account of their design and operating principle, 
the MEMS switches have the following characteristics: 

20 - low insertion loss (typically less than 0.3 dB) , 

high insulation from Mhz to millimeters 
(typically greater than -30 dB) , 

- low consumption, 

- no non-linearity of response. 

25 

There are two types of contact for these MEMS 
microswitches . 

One of these contact types is the ohmic contact 
30 switch described in the abovementioned article "RF MEMS 
from a device perspective" by J. Jason Yao and in the 
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article U A Surface Micromachined Miniature Switch For 
Telecommunications Applications with Signal Frequencies 
From DC up to 4 GHz" by J. Jason Yao and M. Franck 
Chang, published in the Transducers '95 review, 
5 Eurosensors IX, pages 384 to 387. In this type of 
contact, the two RF strips are brought into contact by 
means of a short-circuit (metal to metal contact) . This 
type of contact is just as adapted to DC signals as it 
is to high frequency signals (over 10 GHz) . 

10 

The other type of contact is the capacitive switch 
described in the abovement ioned article 11 RF MEMS from a 
device perspective" by J. Jason Yao and in the article 
"Finite Ground Coplanar Waveguide Shunt MEMS Switches 

15 for Switched Line Phase Shifters" by George E. Ponchak 
et al . , published in the 30th European Microwave 
Conference, Paris 2000, pages 252 to 254. In this type 
of contact, a layer of air is electromechanically 
adapted to obtain a capacity variation between the 

20 conducting state and the non-conducting state. This 
type of contact is particularly well adapted to high 
frequencies (over 10 GHz) but is inadequate at low 
frequencies . 

In the state of the art, there are two main 
25 actuating principles for MEMS switches: thermally 
actuated switches and electrostatically actuated 
switches. 

Thermally actuated switches have the advantage of 
being of low actuating voltage. On the other hand, they 
30 have the following disadvantages: Excessive consumption 
(especially in the case of mobile telephony 
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applications) , a low switching rate (due to thermal 
inertia) and technology that is often complicated. 

Electrostatically actuated switches have the 
5 advantage of a high switching rate and relatively 
straightforward technology. On the other hand, they are 
disadvantaged by problems resulting from their low 
reliability coefficient. This point particularly 
critical in the case of electrostatic microswitches 
10 with low actuating voltage (structural binding 
possible) . 

The electrostatic actuating switch binding issue is 
crucial. This issue is deliberated in the 
15 abovementioned article by George E. Ponchak et al . and 
in the article "Communications Applications of 
Microelectromechanical Systems" by Clark T. - C. Nguyen 
published in Proceedings, 1998 Sensors Expo, San 
Jose,CA, 19 to 21 May 1998, pages 447 to 455. 

20 

The state of the art electrostatic microswitches 
have a mobile actuating electrode isolated from the 
fixed electrode by means of a dielectric layer to avoid 
short-circuits during microswitch switchover. This 

25 dielectric layer, included in the mobile actuating 
capacity is never perfect. It has faults which give 
rise to trapping of charges in the layer. These charges 
that accumulate in the dielectric may eventually lead 
to a fault in the component (binding of the beam or the 

30 need for increasing amounts of actuating voltage during 
the course of the switching cycles) . 
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This phenomenon is heightened in the case of 
microswitches of low actuating voltage, whereby to 
obtain the switching voltages generally required 
5 (usually greater than or equal to 5 volts) , the 
designers use mobile structures with low mechanical 
stiffness, which is to say an elastic restoring force 
which proves to be insufficient with regard to the 
spurious electrostatic forces brought about by this 
10 trapping of charges phenomenon, and which very often 
leads to the binding of microswitches after between 10 4 
and 10 5 cycles, or well below the generally required 
specifications (more than 10 9 cycles) . 

15 A simple way in which to avoid charge trapping 

would be to use a metal beam. There would consequently 
be a high risk of a short circuit in this beam on the 
actuating electrode, namely in the case of 
microswitches with low switchover voltage that are of 

20 low mechanical stiffness. To solve this short circuit 
problem, we could consider fitting small dielectric 
stop elements on the actuating electrodes, as the 
charge trapping restricted to the stop elements should 
not disrupt operation of the microswitch. Herein, the 

25 problem lies in the high risk of the beam coming into 
contact with the stop element, preventing contact with 
the strip conductors to be connected. 



30 



SUMMARY OF THE INVENTION 

The present invention has been designed to remedy 
the inconveniences manifested with the prior devices of 
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the art . 

The purpose is to produce an electrostatic 
microswitch which is intended to connect electrically 
5 to at least two strip' conductors which are placed on an 
insulating support, the two strip conductors are 
connected electrically by conducting means which are 
provided in the central part of deformable means which 
can be deformed in relation to the support, under the 

10 impact of an electrostatic force generated by control 
electrodes distributed facing one another on the 
deformable means and the support, such as to form 
capacitive means around the aforementioned conducting 
means, said conductive means performing the electrical 

15 connection between the two strip conductors when the 
deformable means are deformed until they are brought 
into contact with the ends of the strip conductors, 
characterized in that : 

- the one or several control electrode (s) on the 

20 support or the one or several control electrode (s) on 
the deformable means is or are associated with 
insulating stop elements provided in order to prevent a 
short-circuit between electrodes of said capacitive 
means during deformation of the deformable means, 

25 - the distance between the deformable means and the 

ends of the strip conductors is less than or equal to 
the distance between the insulating stop elements 
associated with the one or several control electrode (s) 
of the one or several control electrode (s) located 

30 opposite. 
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The deformable means may be selected amongst a 
membrane and a beam. 

According to a first fabrication alternative, the 
5 deformable means are made of a conductive material and 
constitute a control electrode and the conductive 
means . 

According to a second fabrication alternative, the 
10 deformable means are made of an insulating material and 
support the conducting parts to constitute one or 
several control electrode (s) and a conductive stud to 
constitute said conductive means. 

15 Each end of the strip conductor end may be formed 

on a projection of the support. 

The conductive means may be protruding in relation 
to the deformable means . 

20 

The insulating stop elements may be pads made of an 
insulating material supported by one or several control 
electrode (s) . 

25 The insulating stop elements may be protruding 

parts of the one or several control electrode (s) located 
opposite insulating parts located in or close to one or 
several control electrode (s) facing one another. 

30 If the microswitch is of ohmic contact type, the 

conductive means can directly electrically contact the 
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strip conductor ends. 

If the microswitch is of capacitive contact type, 
an insulating material layer is interposed between the 
5 conductive means and the strip conductor ends. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The overall view of the invention will become more 
clear and other aspects and advantages of the invention 
10 will become apparent from the following description, 
given by way of a non- limitative example, with the 
accompanying drawings in which: 

- Figures 1 and 2 are sectional views, longitudinal 
and from above, respectively, of a first alternative of 

15 the microswitch described in the invention, 

- figure 3 is a longitudinal, cross-sectional view 
of a second alternative of the microswitch as described 
in the invention, 

- figure 4 is a longitudinal, cross-sectional view 
20 of a third alternative of the microswitch as described 

in the invention, 

- figure 5 is a longitudinal, cross-sectional view 
of a fourth alternative of the microswitch as described 
in the invention, 

25 - figure 6 is a longitudinal, cross-sectional view 

of a fifth alternative of the microswitch as described 
in the invent ion ■, 

figures 7A to 7H are longitudinal, cross- 
sectional views of a fabrication method of the 

30 microswitch according to the fifth alternative of the 
invention, 



B 14088.3 JL 



9 



DETAILED DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

Figures 1 and 2 are sectional views, longitudinal 
5 and from above, respectively, of a first alternative of 
the microswitch described in the invention. Figure 1 is 
a view of section I-I of figure 2 and figure 2 is a 
view of section II-II of figure 1. 

10 The microswitch is made in an insulating part of a 

substrate 1. A recess 2 has been made in one of the 
faces of substrate 1. The central part of the bottom of 
the recess supports two electrically connected strip 
conductors 3 and 4. The bottom of the recess also 

15 supports lower control electrodes 5 and 6 located on 
each side of the strip conductors 3 and 4, and of which 
the electrical connections have not been shown. 

The ends 13 and 14 of the strip conductors 3 and 4, 
20 are located opposite one another. They are formed on a 
projection on the bottom of the recess. Only projection 
7 is shown in figure 1. 

The lower control electrodes 5 and 6 support pads 
made of an insulating material, 15 and 16 respectively. 
25 These insulating pads are small in comparison to the 
size of the electrodes. 

A metal beam 8, embedded at both of its ends, is 
suspended above recess 2. It is located opposite the 
30 lower control electrodes 5 and 6 and the ends 13 and 14 
of the strip conductors 3 and 4 . The conductive beam 8 
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constitutes the upper control electrodes as well as an 
ohmic contact stud for strip conductor ends 13 and 14. 

The distance between insulating pads 15 or 16 of a 
5 same lower control electrode 5 or 6 is short enough to 
avoid any risk of deformation . of the beam 8 that may 
cause a short circuit in the control electrodes, that 
is to say between the conductive beam 8 and the 
electrode 5 on one hand, and between the conductive 
10 beam 8 and electrode 6 on the other hand. The maximum 
distance between two insulating pads of one same lower 
control electrode is established according to the 
height of the insulating pads, the rigidity of the beam 
and the control voltage. 

15 

The distance between the conductive beam 8 of the 
ends 13 and 14 of the strip conductors 3 and 4 is less 
than or equal to the distance between the insulating 
pads 15 and 16 of the conductive beam 8. 

20 

Under the effect of an appropriate control voltage 
applied between the conductive beam 8 and the 
electrodes 5 and 6, the beam 8 flexes until it comes 
into contact with the strip conductor ends. 

25 

Figure 3 is a longitudinal, cross - sectional view of 
a second alternative of the microswitch as described in 
the invention. 

30 Shown in this figure are the insulating part of a 

substrate 21, a recess 22, lower control electrodes 25 
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and 26 fitted with insulating pads 35 and 36 
respectively, one of the projections 27 and one of the 
strip conductor ends 33. These elements are similar to 
the same elements of the first alternative of the 
5 microswitch as described in the invention. 

The second alternative of the microswitch according 
to the invention differs from the first alternative in 
that the nature of the beam 2 8 is made of an insulating 
10 material. The face of the beam 28 turned towards the 
recess 22 supports a conductive stud 38 located 
opposite the strip conductor ends and the upper control 
electrodes 48 and 58 respectively associated with the 
lower control electrodes 25 and 26. 

15 

Under the effect of an appropriate control voltage 
applied between the upper control electrodes 48 and 58 
and the lower control electrodes 2 5 and 26, the beam 2 8 
flexes until the conductive stud 38 comes into contact 
20 with the strip conductor ends . 

The distance between the conductive stud 3 8 and the 
strip conductor ends is less than or equal to the 
distance between the insulating pads 35 and 36 and the 
25 respective electrodes 48 and 58. 

Figure 4 is a longitudinal, cross-sectional view of 
a third alternative of the microswitch as described in 
the invention. 

30 



In this figure, in relation to figure 3, we can see 
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the insulating part of a substrate 41, a recess 42 and 
lower control electrodes 45 and 46 fitted with 
insulating pads 55 and 56 respectively. Also shown is a 
beam 68 made of an insulating material , of which the 
5 face turned towards the recess supports a conductive 
stud 78 located opposite strip conductor ends and upper 
control electrodes 88 and 98 respectively associated 
with the lower control electrodes 45 and 46. 

10 The third alternative of the microswitch according 

to the invention differs from the second alternative in 
that the strip conductor ends (only end 43 is shown) 
are not formed on the projections but on the bottom of 
the recess. However, the conductive stud 78 is 

15 protruding in relation to the face of the beam turned 
towards the recess such that the distance between the 
conductive stud 78 and the strip conductor ends is less 
than or equal to the distance between the insulating 
pad 55 or 56 of the upper control electrode 88 or 98. 

20 

Under the effect of an appropriate control voltage 
applied between the upper control electrodes 88 and 98 
and the lower control electrodes 45 and 46, the beam 68 
flexes until the conductive stud 78 comes into contact 
25 with the strip conductor ends. 

Figure 5 is a longitudinal, cross -sectional view of 
a fourth alternative of the microswitch as described in 
the invention. 

30 

In this figure, in relation to figure 3, we can see 



i 
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the insulating part of a substrate 101, a recess 102, 
lower control electrodes 105 and 106 fitted with 
insulating pads 115 and 116 respectively, one of the 
projections 107 and one of the strip conductor ends 
5 103. Also shown is a beam 108 made of an insulating 
material, of which the face turned towards the recess 
supports upper control electrodes 118 and 12 8 
respectively associated with the lower control 
electrodes 105 and 106. 

10 

The fourth alternative of the microswitch according 
to the invention differs from the second alternative in 
that the insulating beam 108 integrates the conductive 
stud 138. Thereby, a thin insulating material layer is 
15 interposed between the conductive stud 138 and the 
strip conductor ends, the microswitch being of a 
capacitive type . 

Under the effect of an appropriate control voltage 
20 applied between the upper control electrodes 118 and 
128 and the lower control electrodes 105 and 106, the 
beam 108 flexes until it comes into mechanical contact 
with the strip conductor ends, thereby establishing a 
capacitive type connection between the strip 
25 conductors . 

The distance between the beam 108 and the strip 
conductor ends is less than or equal to the distance 
between the insulating pads 115 and 116 of the 
30 respective electrodes 118 and 128. 
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Figure 6 is a longitudinal, cross-sectional view of 
a fifth alternative of the microswitch as described in 
the invention. 

In this figure, in relation to figure 3, we can see 
the insulating part of a substrate 141, a recess 142, 
lower control electrodes 145 and 146 and one of the 
strip conductor ends 143 formed on a projection 147. 
Also shown is a beam 148 made of an insulating 
material, of which the face turned towards the recess 
supports a central conductive stud 178 and upper 
control electrodes 158 and 168 respectively associated 
with electrodes 145 and 146. 

The fifth alternative of the microswitch according 
to the invention differs from the second alternative in 
that the lower control electrodes 14 5 and 14 6 are 
fitted with pads 155 and 156 respectively, made of the 
same material as that of the electrodes. Pads 155 and 

156 are formed as a result of the presence of 
projections 153 and 154 respectively, on the bottom of 
the recess. Pads 155 and 156 . are distributed across 
electrodes 145 and 146 according to the same criteria 
as the insulating pad of the prior alternatives. 

Opposite pads 155 and 156, the upper control 
electrodes 158 and 168 are pierced with openings filled 
in with dielectric material forming insulating patches 

157 and 167 so as to prevent any short circuits from 
occurring with these electrodes. 
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The distance between the conductive stud 17 8 and 
the strip conductor ends is less than or equal to the 
distance between the pads 155 and 156 of the respective 
insulating patches 157 and 167. 

5 

Figures 7A to 7H are longitudinal, cross-sectional 
views of a fabrication method of the microswitch 
according to the fifth fabrication alternative. 

10 Figure 7A shows a silicon substrate 100 covered 

with a dielectric layer 141 formed on substrate 100. 
Layer 141 may be 2.4 jam in thickness and consist of 
Si 3 N 4 or Si0 2 . 

15 Layer 141 is micromachined by lithographic etching 

to form a central projection 147 on its surface in 
between the other projections 153 and 154 (see figure 
7B) . Only one projection 153 and one projection 154 are 
shown. The projections may be 0.3 \im in height, thereby 

20 reducing the thickness of the layer 141 to 2 . 1 urn. 

A layer 141 with projections is also 
lithographically micro-machined to create a recess 142 
as shown in figure 7C. Projections 147, 153 and 154 are 

25 transferred onto the bottom of the recess 142. The 
recess may be 0.5 pm in depth. In this same 
lithographic etching phase, grooves (not shown) are 
formed to accommodate the electrical connections for 
the future lower control electrodes, the strip 

30 conductors and for the ground plane. 
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The conductive strips and the lower control 
electrodes are then fabricated by means of a layer of 
metal (for example, gold, copper or aluminium) , 
followed by a lithographic etching. Figure 7D shows one 
5 of the ends 14 3 of a strip conductor, formed on the 
projection 147 and the lower control electrodes 145 and 
146. The electrode 145 includes pads 155 reproducing 
the form of the projections 153. The electrode 146 
includes pads 156 reproducing the form of the 
10 projections 154. The thickness of the end 143 may be 
1.2 urn. The thickness of the lower control electrodes 
may be 0.9 urn . 

A sacrifice layer 150, of polyimide for example, is 
15 then deposited in recess 142. The layer 150 is 
planarised until it reaches the upper face of the layer 
141 as shown in figure 7E. 

A first dielectric layer 148' , of Si 3 N 4 or Si0 2 for 
20 example, is then deposited on the planarised surface of 
the previous structure (see figure 7F) . This first 
dielectric layer may be 0.15 ]im in thickness. The 
appropriate areas of this layer are lithographically 
etched to accommodate the upper control electrodes and 
25 the conductive stud. 

A metal layer (for example gold on an adhesion 
layer surface of Cr, copper or aluminium) is then 
deposited on the first dielectric layer 148' . By 
30 lithographically etching this layer, the upper control 
electrodes 158 and 168 and the conductive stud 178 are 
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formed. This is shown in figure 7G. The electrical 
connections with these conductive elements are made 
during the course of the same procedure . 

5 A second dielectric layer 148" is deposited on the 

previously obtained structure as shown in figure 7H. By 
lithographic etching, openings (not shown) are formed 
in the thickness of the two dielectric layers 14 8' and 
148" to reveal the sacrifice layer 150 and to recover 
10 the contact with the electrodes. 

The sacrifice layer is thus eliminated by means of 
selective etching through the previously formed 
openings. The structure shown in figure 6 is thereby 
15 obtained, in which the insulating part of the beam is 
shown under the general reference 14 8. 

The invention limits the trapping of charges and 
hence the bonding effect to very restricted areas 

20 (insulating stop elements) . It prevents any risk of 
short circuits between the control electrodes owing to 
the presence of these insulating stop elements. It 
ensures good connection of the microswitch as a result 
of the distance between the deformable means and the 

25 ends of the strip conductors being less than or equal 
to the distance between the insulating stop elements 
associated with the control electrodes and the control 
electrodes located opposite. 

30 The microswitch switchover speed is a function of 

the viscous damping of the beam (or the membrane) . This 
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damping is inversely proportional to the distance (or 
air gap) between the beam and the strip conductors and 
lower control electrode, and also inversely 
proportional to the surfaces opposite. Hence, the more 
5 the beam flexes and moves closer to the conductors to 
be switched, the more the damping increases and tends 
to retain movement. This results in an increase in 
transit time. In the case of the present invention, the 
areas in which there is much damping (narrow air gap) 

10 are limited to the stop elements (on the actuating 
electrodes) and to the projections (at contact) . The 
surfaces in question are consequently extremely reduced 
in comparison to the state of the art MEMS 
microswitches . The switching time is consequently 

15 optimised. 
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CLAIMS 

1. An electrostatic microswitch intended to 
electrically connect at least two electrical strip 
conductors (3, 4) disposed on an insulating support (1, 
5 21, 41, 101, 141), the two strip conductors being 
connected electrically by conducting means (38, 78, 
138, 178) provided in the central part of deformable 
means (8, 28, 68, 108, 148) which can be deformed in 
relation to the support under the effect of an 

10 electrostatic force generated by control electrodes 
which are distributed facing one another on the 
deformable means and the support, so as to form 
capacitive means around said conducting means, said 
conductive means performing the electrical connection 

15 between the two strip conductors when the deformable 
means are deformed to contact the ends (13, 14; 33; 43; 
103; 143) of the strip conductors, characterized in 
that : 

the control electrode or the control 
20 electrodes on the support (5, 6; 25, 26; 45, 46; 105, 
106; 145, 146) or the control electrode or control 
electrodes on the deformable means (48, 58; 88, 98; 
118, 128; 158, 168) is or are associated with 
insulating stop elements provided in order to prevent a 
25 short-circuit between electrodes of said capacitive 
means during the deformation of the deformable means, 

the distance between the deformable means and 
the ends of the strip conductors is less than or equal 
to the distance between the insulating stop elements 
30 associated with a control electrode or control 
electrodes of the control electrode or the control 
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electrodes facing one another, 

the insulating stop elements are protruding 
parts (155, 156) of the control electrode (s) (145, 146) 
located opposite insulating parts (157, 167) located in 
5 or close to a control electrode or control electrodes 
(158, 168) facing one another. .... . 

2. A microswitch according to claim 1, 
characterized in that the deformable means are selected 
amongst a membrane and a beam (8, 28, 68, 108, 148). 
10 3. A microswitch according to any of claims 1 or 2 , 

characterized in that the deformable means (8) are made 
of a conductive material and constitute a control 
electrode and the conductive means. 

4. A microswitch according to any of claims 1 or 2 , 
15 characterized in that the deformable means (28, 68, 

108, 148) are made of an insulating material and 
support conductive parts to constitute a control 
electrode or control electrodes (48, 58; 88, 98; 118, 
128; 158, 168) and a conductive stud (38, 78, 138, 178) 
20 to constitute said conductive means. 

5 . A microswitch according to any of claims 1 or 2 , 
characterized in that each strip conductor end is 
formed on a projection (7, 27, 107, 147) of the 
support . 

25 6. A microswitch according to any of claims 1 or 2, 

characterized in that said conductive means (78) are 
protruding in relation to the deformable means (68) . 

7 . A microswitch according to any one of claims 1 
to 6, characterized in that the microswitch being of an 

30 ohmic contact type, the conductive means (38, 78, 178) 
can directly electrically contact the strip conductor 
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ends . 

8 . A microswitch according to any one of claims 1 
to 6, characterized in that the microswitch being of a 
capacitive contact type, an insulating material layer 
5 is interposed between the conductive means (138) and 
the strip conductor ends . 
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ABSTRACT 

The invention relates to an electrostatic 
microswitch which is intended to connect electrically 
5 two strip conductors which are disposed on an 
insulating support (21), the two strip conductors are 
connected electrically by conducting means (38) which 
are provided in the central part of deformable means 
(28) which can be deformed in relation to the support 

10 under the effect of an electrostatic force generated by 
control electrodes (25, 48; 26, 58). The control 
electrodes are distributed facing one another on the 
deformable means and the support, such as to form 
capacitive means around the aforementioned conducting 

15 means. The control electrodes are associated with 
insulating stop elements (35, 36) which are provided in 
order to prevent a short circuit between electrodes of 
the capacitive means during the deformation of the 
deformable means. The distance between the deformable 

20 means and the ends of the strip conductors is less than 
or equal to the distance between the insulating stop 
elements associated with the control electrodes and the 
control electrodes located opposite. 
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